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FLOORED IMPACT-TYPE SOLIDS 
SEPARATOR USING DOWNWARD 

EXPANDING SEPARATOR ELEMENTS 

FIELD AND BACKGROUND OF THE 
INVENTION 

1. Field of the Invention 
The present invention relates generally to the ?eld of 

industrial power generation and circulating ?uidized bed 
(CFB) reactors and combustors having impact-type particle 
separators, and, in particular to a neW and useful impact-type 
particle separator for a CFB. 

2. Description of the Related Art 
In CFB reactors or combustors, reacting and non-reacting 

solids are entrained Within a reactor enclosure by an upWard 
gas ?oW Which carries the solids to an exit at an upper 
portion of the reactor enclosure. There, the solids are typi 
cally collected by an impact type primary particle separator, 
and returned to a bottom portion of the reactor enclosure 
either directly or through one or more conduits. The impact 
type primary particle separator at the reactor enclosure exit 
typically collects from 90% to 97% of the circulating solids. 
If required by the process, an additional solids collector may 
be installed doWnstream of the impact-type primary particle 
separator to collect additional solids for eventual return to 
the reactor enclosure. 

As disclosed in US. Pat. No. 5,343,830, the use of 
impact-type particle separators in CFB reactors or combus 
tors is Well knoWn. To the extent necessary to describe the 
general operation of CFB reactors and combustors, the 
reader is referred to US. Pat. No. 5,343,830, the text of 
Which is hereby incorporated by reference as though fully 
set forth herein. In one of the earliest CFB designs, an 
external, impact-type primary particle separator having a 
plurality of impingement members arranged in staggered 
roWs Was used in combination With a non-mechanical 

L-valve and a secondary (multiclone) particle separator. The 
roWs of staggered impingement members discharged all of 
their collected solids into a storage hopper located under 
neath them, and these collected solids Were returned to the 
bottom portion of the reactor enclosure via the L-valve. 

Later CFB designs employed additional roWs of staggered 
impingement members Which Were positioned upstream 
(With respect to a direction of ?ue gas and solids ?oW 
through the apparatus) of the impingement members asso 
ciated With the storage hopper and its L-valve. As disclosed 
in US. Pat. No. 4,992,085, the text of Which is hereby 
incorporated by reference as though fully set forth herein, a 
plurality of such impingement members are located Within 
an upper portion of the reactor enclosure, arranged in at least 
tWo staggered roWs. The impingement members hang and 
extend vertically across a Width of the reactor exit, With 
collected solids falling unobstructed and unchanneled under 
neath these collecting impingement members along a rear 
enclosure Wall of the CFB reactor or combustor. An impor 
tant element of these “in-furnace” collecting impingement 
members, or “in-furnace U-beams” as they are generally 
referred to, is a baffle plate near a loWer end of these 
impingement members Which enhances their collection ef? 
ciency. 
As disclosed in the aforementioned US. Pat. No. 5,343, 

830, CFB reactors or combustors are knoWn Wherein the tWo 
or more roWs of impingement members located Within the 
furnace or reactor enclosure are folloWed by a second array 
of staggered impingement members Which further separate 
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2 
particles from the gas stream, and return them via cavity 
means and particle return means Without external and inter 
nal recycle conduits. 
US. Pat. No. 6,095,095 teaches a further improvement in 

impact-type solids separators for a CFB Which is a simpler 
and loWer cost impact-type primary particle separator. 
Instead of providing a cavity means or hopper With dis 
charge openings underneath the collector elements making 
up the impact-type primary particle separator, the separator 
of US. Pat. No. 6,095,095 has a simple ?oor for internal 
return of all primary collected solids to a bottom portion of 
the reactor or combustor for subsequent recirculation. 

US. Pat. No. 6,095,095 does not address the mechanical 
aspects of the individual separator elements, hoWever, 
including relative thermal expansion betWeen the elements 
(or U-beams) and the enclosure Walls. As noted above, a 
hopper is not used in the separator of US. Pat. No. 6,095, 
095. 

It is often desirable to utiliZe collection elements like 
U-beams made of stainless steel and hung from the roof of 
the CFB reactor While operating in a ?oored impact collector 
mode. HoWever, When a solid ?oor is located beneath the 
collector elements, the U-beams may expand onto a pile of 
solids as a result of thermal expansion of the U-beam metals. 
When the collection elements touch the solids piles, a high 
compressive force is exerted on the long dimension of the 
U-beams. Thus, because of the large thermal expansion in 
the length of the U-beams Which can be expected With 
stainless steel U-beams and the need to avoid placing large 
compressive forces on the U-beams, a gap must be available 
betWeen the loWer ends of the U-beams and enclosure ?oor 
so that the collection elements can freely expand. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to provide an 
impact-type separator for a CFB Which accounts for thermal 
expansion of the separator elements. 
A further object of the invention is to provide an arrange 

ment of collection elements having gaps for free thermal 
expansion of the elements Within the enclosure in a ?oored 
collection element environment. 

Accordingly, a collection element arrangement is pro 
vided having attachments near their loWermost ends Which 
simulate a continuous sloping surface, or ?oor. The sleeve 
attachments’ upper surfaces, forming the ?oor, permit col 
lected solids to How doWn the sloping surface back into the 
furnace or reactor chamber. The sleeve attachments are ?tted 
around each element. The outer Wall of each attachment is 
positioned to leave a small gap betWeen the adjacent sleeve 
and/or CFB enclosure Walls. The upper surface of the sleeve 
attachments block off the loWer ends of the collection 
elements as Well. The attachments are integrally connected 
With the collection elements, so that they expand together 
through increasing temperatures in the CFB during opera 
tion startup. 

In an alternative embodiment, the CFB may include a 
staggered array of heat exchange tubes for solids collected 
by the collection elements to pass through prior to returning 
to the reactor chamber. 
The various features of novelty Which characteriZe the 

invention are pointed out With particularity in the claims 
annexed to and forming a part of this disclosure. For a better 
understanding of the invention, its operating advantages and 
speci?c objects attained by its uses, reference is made to the 
accompanying draWings and descriptive matter in Which a 
preferred embodiment of the invention is illustrated. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

In the drawings: 
FIG. 1 is a sectional side elevation of a CFB having 

collection elements according to the invention; 
FIG. 2 is a sectional side elevation of an alternate embodi 

ment of the collection elements of the invention; 
FIG. 3 is a top plan vieW of the tube and collection 

element arrangement of FIG. 2 taken along line 3—3; and 
FIG. 4 is a perspective vieW of the upper end of one of the 

attachments for the collection elements of FIG. 1. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Referring noW to the draWings, in Which like reference 
numerals are used to refer to the same or similar elements, 
FIG. 1 shoWs a CFB furnace or reactor chamber 100 having 
an adjacent collection chamber 80 and a passage 85 betWeen 
them for returning solids to the furnace or reactor chamber 
100. The upper end of the furnace chamber 100 is connected 
to a ?ue 105 for hot gases and entrained solids 60 to exit the 
system. 
TWo sets of impact-type solids separators are provided in 

the ?ue 105. A ?rst set of collection elements are provided 
on the furnace chamber 100 side of chamber Wall 90 and are 
knoWn as internal collector elements 22. A second set of 
collection elements 20 are positioned in the ?ue 105 
betWeen the chamber Wall 90 and collection chamber Wall 
92, over the collection hopper 80. The second set of collec 
tion elements are external collection elements 20. 

Each set of collection elements 20, 22 are preferably 
U-beams, as knoWn in the art, oriented to face the furnace 
chamber 100. Each collection element 20, 22 has a sleeve 
attachment 30 around its loWer end Which encloses the 
U-beam channel. A sloped ?oor 35 is formed by the upper 
surfaces 33 of sleeve attachments 30 around the vertical 
surfaces of collection elements 20, 22. The ?oor 35 is sloped 
at an angle With respect to the horiZontal to cause solids 
particles 60 falling thereon to be returned to the chamber 
100. The sleeve attachments 30 are integral With the collec 
tion element 20, 22 to Which they are connected. Small gaps 
37 are provided betWeen adjacent sleeve attachments 30 so 
that the sleeves 30 and collection elements 20, 22 may 
expand together With Increased temperatures in the reactor 
enclosure. 

Thus, the ?oor 35 is effectively ?oating, supported from 
above by the collection elements 20, 22. In an alternative 
embodiment, the sleeve attachments 30 may actually “?oat” 
on the U-beams 20, so that if the siftings 70 pile in the 
hopper 80 groWs too large, the sleeve attachments 30 simply 
ride up the U-beams 20, raising the ?oor 35 slightly. 

Entrained solids in the gases 65 impact the collection 
elements 20, 22. Solids hitting the collection elements 20, 22 
fall doWnWardly Within the U-beam collection elements 20, 
22 and onto the ?oor 35 formed by the sleeve attachments 
30. The solids then slide doWn the sloped ?oor 35 and return 
to the furnace chamber 100 under force of gravity. 

Other solids 60 Which fall out of the entrained solids and 
gases 65 may be suf?ciently small that they pass through 
gaps 37 betWeen adjacent sleeve attachments 30 into col 
lection hopper 80 as “siftings” 70. The siftings 70 are 
returned to the furnace chamber 100 via passage 85. The 
gaps 37 are provided to ensure free vertical movement of the 
collection elements 20, 22 and sleeve attachments 30 and 
alloW for horiZontal expansion of the elements 20, 22 and 
attachments 30 as Well. 
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4 
In use, the sleeve attachments 30 expand up and doWn a 

feW inches With the U-beam collection elements 20, 22 as 
the temperature varies during start up and full operation. 
Preferably, the sleeve attachments 30 and U-beams are both 
made of stainless steel, although other materials used for 
impact-type separators can be substituted as Well. Abene?t 
of the invention is that stainless steel collection elements 20, 
22 can be used, While providing the effect of a ?oored 
impact-type separator, such as described in US. Pat. No. 
6,095,095. Stainless steel is most preferred as a material 
because of its reliability When used in impact-type separa 
tors. The sloping ?oor 35 formed by the sleeve attachments 
30 permits the use of stainless steel because it accommo 
dates the relatively large coef?cient of thermal expansion of 
the steel Which creates large differential thermal expansion 
With other components of the CFB reactor, While giving the 
bene?t of a ?oored separator. 

In a preferred embodiment, each sleeve attachment 30 is 
formed integral With the U-beam 20, 22 to Which it is 
connected for mechanical integrity and support. 

In a further embodiment, the height of the individual 
sleeve attachments 30 may be different betWeen roWs, so 
that the horiZontal thrust force from the ?oWing gases and 
solids 65 entering the external collection element array is 
carried back to the enclosure Wall behind the array. 

FIGS. 2 and 3 illustrate a different CFB reactor arrange 
ment using the suspended ?oor 35 of the invention With 
collection elements 20, 22. In the alternative arrangement, a 
series of Water tubes 110 arranged in a staggered array 115 
in the ?oW path of the doWnWard ?oWing solids 60. The 
Water tubes 110 extend partly into the ?oW path of the gases 
and entrained solids 65 as Well. The Water tubes 110 are 
preferably extensions of the furnace chamber Wall 90. 

The same variations discussed above for the sleeve attach 
ments 30 and collection elements 20, 22 may be applied to 
the embodiment shoWn in FIGS. 2 and 3. 

FIG. 4 illustrates a sleeve attachment 30 for use With the 
invention. The opening 40 is ?tted around a collection 
element 20, 22 and connected to the loWer end to form the 
?oor 35 With the sleeve attachment upper surfaces 33. 

While a speci?c embodiment of the invention has been 
shoWn and described in detail to illustrate the application of 
the principles of the invention, it Will be understood that the 
invention may be embodied otherWise Without departing 
from such principles. 
We claim: 
1. An impact-type separator for a circulating ?uidiZed bed 

reactor, the separator comprising: 
a spaced apart array of collection elements depending 

from a roof of the circulating ?uidiZed bed reactor; and 

a plurality of sleeve attachments, one attachment sur 
rounding the loWer end of each of the collection 
elements in the array, each attachment having a sub 
stantially planar upper surface connected to the collec 
tion element, the upper surfaces of the plurality of 
sleeve attachments cooperating With each other to form 
a ?oor around the collection elements in the array, 
Wherein the individual collection elements may expand 
from heating independently of and Without interference 
from other collection elements or circulating ?uidiZed 
bed components and by-products. 

2. The impact-type separator according to claim 1, 
Wherein the elevation of the individual upper surfaces of the 
attachments provides a ?oor sloped at an angle With respect 
to the horiZontal. 
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3. The irnpact-type separator according to claim 2, 
wherein at least some of the upper surfaces of the attach 
rnents are sloped at the same angle as that of the ?oor. 

4. The irnpact-type separator according to claim 1, 
Wherein the collection elements are made of stainless steel. 

5. The irnpact-type separator according to claim 1, 
Wherein the collection elements are U-bearns. 

6. The irnpact-type separator according to claim 1, 
Wherein each sleeve attachment is connected integral With 
the corresponding collection element. 

7. The irnpact-type separator according to claim 1, 
Wherein the sleeve attachments are slidably connected to the 
collection elements. 
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8. The irnpact-type separator according to claim 1, 

Wherein the ?oor includes small gaps de?ned by the edges 
of adjacent ones of the upper surfaces of the sleeve attach 
rnents. 

9. The irnpact-type separator according to claim 1, 
Wherein heat transfer surface is placed in the How path of the 
doWnWard ?oWing solids collected by the collection ele 
rnents. 

10. The irnpact-type separator according to claim 1, 
further comprising a siftings collection hopper beloW at least 
a portion of the collection elements, the hopper being in 
communication With a reactor chamber of the circulating 
?uidized bed. 


